[1] Results of the analysis of variations of the proton temperature anisotropy (A) across the magnetosheath along with some plasma wave turbulence characteristics are discussed. It is shown that the deviation of the observed values of A from the bounded anisotropy model may be explained by a finite value of the temperature isotropization time t. In turn, the obtained values of t have a tendency to decrease with the increase of the intensity of the magnetic field oscillations. The discovered dependence of t on the intensity of mirrorwave-like turbulence seems to confirm the supposition by Hill et al. [1995] on a significant role of mirror waves in the pitch angle scattering of protons in the magnetosheath plasma. It is shown that the observed periods of abnormally low values of A in some cases correspond to the periods of relatively high intensive magnetic field oscillations, most probably of an external origin. 
Introduction
[2] Experimental data show that the solar wind plasma is essentially anisotropic, especially in shocked regions, such as interplanetary shock waves and planetary magnetosheaths. The anisotropy originates from the independent evolution of the plasma temperatures in the directions parallel and perpendicular to the local magnetic field in a collisionless plasma [Chew et al., 1956] .
[3] According to the double-adiabatic law, the value of the temperature anisotropy A = T ? /T k in a perfectly collisionless convecting plasma is supposed to vary along the streamline as B 3 /n 2 [Hill et al., 1995; Phan et al., 1994; Denton et al., 1995] (B -magnetic induction, n -plasma density). However, the real behavior of the magnetosheath plasma significantly differs from the expected one; in particular, the value of A increases from the bow shock to the magnetopause much slower than the value of B 3 /n 2 . This disagreement is usually explained by the proton scattering by a rather intensive wave turbulence observed in the magnetosheath [Gary et al., 1994a; Hill et al., 1995] . A detailed analysis of the nature of those waves was carried out by Anderson et al. [1991] , Gary et al. [1994a Gary et al. [ , 1994b , Phan et al. [1994] , Denton et al. [1994 Denton et al. [ , 1995 , Hill et al. [1995] , Czaykowska et al. [1998 Czaykowska et al. [ , 2001 , and in papers cited there. As a result, it was shown that in the magnetosheath two types of waves predominate: mirror-like and protoncyclotron-like fluctuations.
[4] A theoretical consideration of the problem was made by Gary et al. [1993] , who have shown that the proton cyclotron anisotropy instability has the larger growth rate for b k 1, whereas the mirror instability may dominate at higher b values.
[5] The threshold of the proton cyclotron instability in an anisotropic electron-proton plasma has been found by Gary et al. [1994a Gary et al. [ , 1994b 
from linear Vlasov theory as
where b k = 8pnkT k /B 2 . Using this result, Denton et al. [1994 Denton et al. [ , 1995 have proposed a ''bounded anisotropy model''. According to this model, in the case when a balance between macroscopic processes producing the temperature anisotropy (such as plasma compression perpendicular to the magnetic field and extension parallel to it on approaching the magnetopause) and microprocesses responsible for the temperature isotropization, is established, the anisotropy is maintained near the instability threshold. And indeed, analysis of experimental data has shown that the proton temperature anisotropy in the magnetosheath really is determined by an equality similar to equation (1):
which seems to confirm the model.
[6] However, the real situation proves to be more complicated than presented above. The matter is that the marginal stability threshold which corresponds to the condition g > 0 (where g is the increment of the wave development) is useless for real plasmas where an instability must have a growth rate substantially greater than the rate of macroscopic plasma change [Gary et al., 1994b] . And the authors define the instability threshold as ''the anisotropy parameter such that the maximum growth rate of a growing mode corresponds to a given nonzero value''. As a result, no single relationship between A and b k exists to describe all cases [Phan et al., 1994] , and in the real magnetosheath the ion cyclotron instability threshold is determined by a set of values varying from case to case.
[7] The problem becomes even more complicated if one takes into account that, as was said above, besides the ion cyclotron instability, the proton temperature anisotropy may also drive the mirror-wave instability which also may contribute to temperature isotropization. The relative role of those two instabilities is not clear as yet. In this connection there is of a great interest a paper by Hill et al. [1995] where the behavior of the proton temperature anisotropy within the magnetosheath along with the threshold of the development of the mirror wave instability was investigated. On analyzing 10 magnetosheath crossings, the authors show that characteristics of the magnetosheath wave turbulence (such as anticorrelation between B and n variations, and a positive correlation of the plasma density and thermal pressure oscillation) agree with those of mirror waves, and the proton temperature anisotropy A always equals the value of the mirror wave instability threshold
[8] These results suggest an essential role of mirror waves in the magnetosheath plasma turbulence. However, taking into account that the ion cyclotron instability is relatively more effective in the proton temperature isotropization [McKean et al., 1992 [McKean et al., , 1994 ], this does not mean that the mirror instability is the main mechanism of magnetosheath plasma isotropization [Hill et al., 1995] .
[9] A detailed study of the proton temperature anisotropy in the magnetosheath was carried out by Phan et al. [1994] . From the analysis of about 40 magnetosheath crossings, it was found that the mirror wave instability threshold is marginally met throughout the whole magnetosheath region adjacent to high-shear magnetopauses. Near the low-shear magnetopauses, the threshold is marginally satisfied in the magnetosheath proper. However, in the magnetosheath transition layer, the instability condition is generally not met. This result agrees with data by Anderson et al. [1991] and Czaykowska et al. [2001] ; according to those data, the plasma depletion layer and the close vicinity of the perpendicular bow shock are dominated by left-hand polarized transverse oscillations with the frequency bounded by the proton gyrofrequency; the authors identify those oscillations as ion cyclotron waves. At the same time, in the magnetosheath proper, the mirror waves predominate.
[10] Thus, theoretical as well as experimental data show that both instabilities (ion cyclotron and mirror modes) may be responsible for the wave turbulence and proton pitch angle scattering in the magnetosheath. A least squares fit of some thousand individual measurements allowed Phan et al. [1994] to obtain the following relations for the proton temperature anisotropy as a function of b k and b ? :
and
[11] At the same time, the authors note the large scatter in the data. Correspondingly, relations (4) and (5) are valid only on the average, and in any concrete case observed values of A may significantly differ from those given by the expressions under discussion, probably, in dependence on the conditions in the solar wind [Denton et al., 1995] . In this connection, it is worth to note that the equations which describe the time evolution of the proton pressure tensor components (equations(4a) and (4b)) in Denton et al. [1995] in their original form contain a pitch angle diffusion term written as:
where n is the effective collision frequency, and (T ? /T k ) b is the threshold of the instability development. The bounded anisotropy model assumes that n ! 1 when T ? /T k > (T ? / T k ) b , and n ! 0 otherwise. However, the real value of n is not known, and the validity of the above assumption is not clear either. At the same time, it is obvious that for any finite value of n, the resulting value of the temperature anisotropy A has to depend on n. In turn, the value of n at any given value of b may depend on the mode, frequency and intensity of the waves responsible for the proton pitch angle scattering. To clear up this question, the value of n has to be known in dependence on the conditions within the magnetosheath and in the solar wind.
[12] All the above arguments allow us to formulate the aims of this paper as follows. First of all, we estimate the value of n (or of the inverse value t) from experimental data within various magnetosheath regions. Then we shall try to reveal the wave turbulence parameter which determines the value of t; this may help us to identify the mode of waves responsible for proton pitch angle scattering. And finally, we shall investigate whether the variation of the proton temperature anisotropy across the magnetosheath may be described by a model with the use of the pitch angle diffusion term with a finite non-zero value of t.
Estimation of the Characteristic Time of Proton Temperature Isotropization (T)
[13] According to the double-adiabatic law by Chew et al. [1956] , the variation of the plasma temperature anisotropy along a plasma streamline in the absence of particle collisions is described by the relation [Hill et al., 1995] :
where A 0 , n 0 and B 0 are the temperature anisotropy, plasma density and magnetic field intensity at an initial point.
[14] From equation (7), supplemented with the diffusion term of equation (6), one obtains:
The last term in equation (8) has to be considered in more detail. According to the bounded anisotropy model by Denton et al. [1995] , A b is the threshold of the ion cyclotron instability. However, as we have seen above, A b is not a single value of that threshold, but a series corresponding to various values of the increment of the wave development g. In addition to this, one has to remember that, according to Hill et al. [1995] and Phan et al. [1994] , mirror waves also may be responsible for proton pitch angle scattering. Thus, it is not clear, the threshold of which instability, and in what form has to be inserted into equation (8).
[15] Besides, as will be shown below, in the magnetosheath sometimes rather intensive wave turbulence can be observed, even in the case when the A-value is lower than the threshold of both the ion cyclotron and mirror wave instabilities. Correspondingly, proton pitch angle scattering proceeds in the case A < A b also, forcing plasma to the equilibrium state A = 1. Thus, we shall use in the next analysis the value A b = 1 in equation (8) . By that, we by no means ignore the existence of the instability threshold, and expect that exceeding such a threshold by the temperature anisotropy would be associated with a significant increase of the wave intensity and corresponding decrease of t.
[16] The next point which has to be taken into consideration is the following. As was said above, equation (8) describes the variation of the temperature anisotropy along a plasma streamline. This supposes that all the values contained by equation (8) refer to an elementary volume moving with the plasma at the speed v pl . At the same time, the spacecraft is moving with another velocity (v sc ) which is usually much less than v pl . Correspondingly, the value of t in equation (8) has to be multiplied by a factor v pl /v sc .
[17] Taking into account all the above arguments, equation (8) may be rewritten as:
[18] Another question concerning the estimate of t from experimental data is associated with the problem of separation of spatial and temporal variations of the magnetosheath parameters obtained onboard a single spacecraft [Hill et al., 1995] . In absence of solar wind data, it is necessary to have a criterion characterizing stability of the flow under consideration. Denton et al. [1995] use as an index of that kind the total pressure:
, where v N is the plasma velocity normal to the magnetopause. We shall use in the analysis another index C, analogous to the ''magnetic compression'' index [Belmont and Mazelle, 1992; Pudovkin et al., 2000] 
[19] In contrast to P tot , the C-index characterizes the flow locally; that is, one may judge on the stability or nonstability of the flow not only by the variability of the Cindex, but also by the absolute value of it at any point of the magnetosheath. Analysis of model profiles across the magnetosheath has shown that in a steady state flow, the value of C varies in the range from À0.5 to À4 [Pudovkin et al., 2000] . So, we shall suppose the C-index value being within this range as a necessary condition for the flow to be considered at any given moment as a steady state one.
Analysis of Experimental Data
[20] With the aim to promote the confidence of the quality of data, we shall consider in this paper some crossings which have already been analyzed in the geophysical literature: crossings on 17 November 1985 (from the paper by Hill et al. [1995] ), on 9 October 1984 and on 12 September 1984 (both from the paper by Denton et al. [1995] ).
Crossing on 17 November 1985
[21] As was said above, this crossing was thoroughly investigated earlier by Hill et al. [1995] , and it was shown that the most part of the magnetosheath was dominated by mirror-wave-like oscillations, and that the value of A was there rather close to the threshold of the mirror wave instability.
[22] In Figure 1 , magnetosheath profiles of some plasma and magnetic field parameters on 17 November 1985 are presented. As is seen in the Figure 1 , the spacecraft (AMPTE/IRM) crosses the bow shock at about 11.5 UT, and the magnetopause at 13.1 UT. Plasma density, magnetic field intensity, and proton temperatures vary across the sheath in a rather regular manner up to 12.8 UT when there appear relatively intensive variations of all the plasma parameters; the proton temperature anisotropy increases from about A = 1.4 at 11.6 UT to A = 2.2 at 12.6 UT.
[23] The profile of the proton temperature anisotropy (running mean values for about 7 minute intervals which allows one to eliminate relatively high frequency oscillations seen in Figure 1 ) is shown as thick solid lines in Figure  2 [24] For the ion cyclotron instability (cc2), there was used the expression obtained by Anderson et al. [1994] (Exp. (2). The corresponding expression for the threshold of the mirror wave instability was obtained from the data presented in Figure 15d in the paper by Phan et al. [1994] in the following way. As is seen in Figure 15c in Phan et al. [1994] , the threshold of the ion -cyclotron wave instability obtained by Anderson et al. corresponds to the upper bound of the A(b k ) scatter diagram. By analogy with this, there is used as the threshold of the mirror-wave instability equation (5) modified so that the corresponding curve shifted to the upper boundary of the A(b ? ) diagram [Phan et al., 1994, Figure 15d ]:
[25] As is seen in the figure, the observed values of A are higher than the theoretical values of A b and close to the empirical ones for both the ion cyclotron and mirror-wave instabilities all over the magnetosheath so that the development of both instabilities is possible. Thus, data presented in Figure 2 do not allow one to see which of the instabilities mentioned above is responsible for the proton temperature isotropization.
[26] To identify the type of the wave turbulence observed in the magnetosheath on the day under consideration, we shall follow the analysis by Hill et al. [1995] and Czaykowska et al. [1998] . According to Crooker et al. [1979] , Tsurutani et al. [1982] , Hill et al. [1995] , mirror waves are characterized by the magnetic field and plasma density oscillations proceeding in anti-phase, and in-phase oscilla- tions of plasma density and temperature. Correspondingly, in Figure 3 values of the running coefficients of correlation between variations of plasma density and the perpendicular proton temperature T ? (thin solid line), and between the plasma density and magnetic field intensity (the thick solid line) are presented. One can see in Figure 3 , that the value of R(n, B) is negative all over the magnetosheath, which seems to confirm the supposition on the predominant role (1) and CC2 -to the empirical formula equation (2)) and of the mirror-wave instability (middle panel, the line cm1 corresponds to the theoretical value of equation (3), and the line cm2 -to the empirical values of equation (12)) during the crossing on 17 November 1985. In the bottom panel, there are given magnetosheath profiles of the running mean (for about 7 min intervals) standard deviation of the magnetic field values (the thick solid line) and of the plasma density (the thin solid line).
of mirror waves in the plasma turbulence in the entire magnetosheath.
[27] However, the behavior of R(n, T ? ), being more complicated, allows us to suppose that the nature of the wave turbulence in the magnetosheath is not so homogeneous as one could assume analyzing the curve R(n, B) only. Indeed, at 12.2-13.0 UT, R(n, T ? ) is positive, which quite agrees with results by Hill et al. [1995] . At the same time, just after the bow shock crossing and in the external part of the magnetosheath (11.6-12.1 UT), the value of R(n, T ? ) is rather small and even changes sign. And if one believes that the accuracy of the experimental data for that period is not lower than for the period 12.2-13.0 UT, this result suggests that the mirror waves in the external part of the magnetosheath are overlapped by some other waves.
[28] However, if the character of waves really changes at about 12.1 -12.2 UT, one may expect a corresponding change of the proton pitch angle diffusion rate at this time.
In Figure 4 variations of the characteristic time of the proton temperature isotropization t (the top panel) and of the Cindex (the bottom panel) for the period 11.7 -12.7 UT when the magnetic field intensity and plasma parameters vary in a rather regular manner (see Figure 1 ) are shown.
[29] Both parameters presented in Figure 4 are calculated in the following way. First, experimental data were averaged over intervals containing 100 points (about 7 min), then the obtained values were interpolated with the time interval Át = 44 sec, and finally, t and C values were calculated with the use of equations (10) and (11).
[30] As is seen in Figure 4 , the C-index varies within the ''allowed'' range [À4, À0.5] over the largest part of the magnetosheath, with the exception of 11.85 -12.05 UT and 12.55-12.65 UT. Correspondingly, the characteristic time t also varies in a rather regular manner from the bow shock to the magnetopause, except for the same time intervals, when the C-index happens to be beyond the ''allowed'' range. What concerns the value of t, one can see that in the vicinity of the bow shock t is rather small (about 4 sec), while within the central part of the sheath at (12.1-12.5) UT, t = 15 -20 sec, and it gradually decreases to the magnetopause. In the vicinity of the magnetopause, the value of t cannot be obtained because of the nonsteady state character of the plasma flow there. Thus, data on the value of t confirm the supposition that some characteristics of plasma turbulence in the external part of the magnetosheath differ from those in the central part.
[31] The next question concerns the characteristics of the wave turbulence which may determine the rate of the proton pitch angle diffusion (or the value of t). In this connection, we present in Figure 2 (bottom panel) data on the intensity of the magnetic field and plasma density oscillations. As the measure of the intensity of the oscillations we have taken the running mean values of the standard deviation of B and n (Disp B and Disp n correspondingly). As is seen in the figure, the value of Disp n varies insignificantly across the magnetosheath. At the same time, the value of Disp B increases from 5 nT at 12 UT to 8 nT at 12.6 UT. Thus, the observed decrease of t to the magnetopause may be associated with the increase of the intensity of the magnetic field oscillations. However, the insufficient amount of data does not allow us to be sure in the reality of this relationship, and we shall return to this question later.
[32] As we have seen, the crossing on 17 November 1985 corresponds to a relatively safe case when the flow proceeds in a quasi-steady state manner in the largest part of the magnetosheath. It is interesting now to consider a more complicated case characterized by a period of an anomalously low value of the temperature anisotropy [Denton et al., 1995] .
Crossing on 9 October 1984
[33] Variations of the magnetic field and plasma parameters across the magnetosheath on 9 October 1984 are presented in Figure 5 . The format of the figure is the same as in Figure 1 . The spacecraft crosses the bow shock at 11.7 UT and then for the second time at 12.7 -12.75 UT and the magnetopause at 14.1 UT. As was said above, this crossing was earlier investigated by Denton et al. [1995] . According to their analysis, external layers of the magnetosheath (11.7 -12.5 UT) are characterized by an essentially nonstationary flow, and only after 12.5 UT the flow may be considered as a quasi-stationary one. Concerning the proton temperature anisotropy, the authors conclude that the observed values of A are everywhere equal to or less than those predicted by the bounded anisotropy model, and in order to improve the model, they introduce into it an anisotropy reduction factor f = 0.9. As a result, the corrected bounded anisotropy model is shown to explain the observed variation of A. Below, we shall consider some additional details of this interesting crossing.
[34] In analogy with As is seen in Figure 6 , the observed values of A are lower than the threshold values of both instabilities at 12.1 -12.6 UT. At the same time, the intensity of the magnetic field and of the plasma density oscillations have a local maximum at that time (see Figure 6 , bottom panel). Correspondingly, these oscillations cannot be associated with a temperature anisotropy instability, and seem to be caused by some other processes. However, without data on the solar wind parameters, the investigation of the origin of these oscillations is very difficult.
[35] At the period 12.7 -13.7 UT, the observed values of A vary between the values of the theoretical and empirical thresholds of the ion cyclotron and mirror-wave instabilities. This, as in the previous case, does not allow to distinguish between these two instabilities as the possible cause of the proton pitch angle scattering.
[36] Figure 7 shows values of the running coefficient of correlation between the magnetic field and plasma density oscillation (the thick solid line). And again, the value of R(n, B) within the inner part of the magnetosheath is negative, which suggests the predominant role of mirror waves there.
[37] What concerns the coefficient of correlation between n and T ? (the thin solid line in the same figure) , it is seen to vary in a very irregular, jump-like manner. As may be seen from comparing Figure 7 and Figure 5 , these jumps are most probably associated with rather intensive long-term variations of the magnetic field and especially of the plasma parameters observed at 12.90 -12.94 UT; 13.10 -13.20 UT; Figure 5 . Same as in Figure 1 , for the crossing on 9 October 1984. SMP 13.50 -13.53 UT and 13.72 -13.75 UT. Clearing up the nature and the origin of these variations needs a special study, which is beyond the scope of this paper. At the same time, the presence of these jumps prevents the use of the (n, T ? )-correlation in the following analysis.
[38] Within the external part of the magnetosheath (12.0 -12.5 UT), the value of R(n, B) drops to very small values. This, along with a very low value of A at that time, allows one to assume that the observed oscillations are not associated with mirror waves and that they are generated by some extra-sheath processes, possibly at the bow shock, or are brought there from the solar wind.
[39] The possible presence of an ''external'' wave turbulence of this kind in the magnetosheath may significantly influence the rate of the proton pitch angle diffusion, and has to be taken into account in model calculations of T ? and T k variations across the magnetosheath.
[40] Figure 8 presents variations of the C-index and of t across the magnetosheath. One can see that from 11.0 UT to 12.5 UT, the C-index is beyond the allowed range, or varies so rapidly that this entire interval may be considered as essentially non-stationary, which agrees with the results by Denton et al. [1995] . Variations of the plasma velocity (the bottom panel in Figure 5 ) confirm this conclusion. Correspondingly, the real values of t cannot be obtained for those periods, and the behavior of t at 11.5-12.5 confirms this supposition.
[41] At 12.5-14.0 UT, the flow seems to be more regular, which on the whole also agrees with data by Denton et al. [1995] . At the same time, judging by the values of the Cindex, during this period also some short intervals of nonstationary flow exist (at about 12.9-13.1 UT; 13.4 -13.5 UT; 13.6 -13.7 UT, and later). Correspondingly, the value of t could be estimated only for three intervals between the disturbed periods mentioned above (the top panel in the figure):t = 4 s at 12.7 -12.8 UT, t% 7 s at 13.2 -13.3 UT and t % 10 s at 13.5 -13.6 UT. Among those three periods only the last two are presumingly associated with mirror waves, while the first one is dominated, as we have seen above, by wave turbulence of another type. The obtained values of t are seen to be less than during the crossing on 17 November 1985. A possible reason for this will be considered later.
Crossing on 12 September 1984
[42] An even more complicated situation takes place during the crossing on 12 September 1984 (Figure 9 ), which was also considered by Denton et al. [1995] . The spacecraft crosses the magnetopause at about 8.8 UT, and the bow shock at 11.5 UT and maybe for a short time at 10.15 -10.18 UT. The authors point the reader's attention to the fact that the value of the proton temperature anisotropy during this crossing is noticeably lower than the values corresponding to the bounded anisotropy model, and explain this by the low concentration of He 2+ , or by a low rate of the anisotropy driving. The value of the f-factor introduced into the model in order to bring the experimental and model data into line, was taken equal to f = 0.7 instead of f = 0.9 in the previous case. Some details of that crossing are presented in Figures 10-12 .
[43] In Figure 10 variations of the observed proton temperature anisotropy A along with thresholds of the ion cyclotron (CC1 and CC2) and mirror-wave (cm1 and cm2) instabilities development are shown. As is seen in Figure  10 , the observed values of A are equal or lower than not only the empirical values of the instability thresholds, but also lower than their theoretical values for the entire magnetosheath except for a rather short period 10.3-10.8 UT. And in spite of that, the wave turbulence is observed all over the magnetosheath and reaches its maximum at about 10 UT and just after 11 UT (see Figure 9 ) when the value of A is minimal. Thus, as in the previous case, the most intensive oscillations of the magnetic field and of the plasma density are hardly associated with the mirror waves. This supposition is confirmed by Figure 11 in which the running coefficients of correlation between the plasma density and the magnetic field intensity (R(n, B) ) and between the plasma density and the proton perpendicular temperature (R(n, T ? )) are given. The value of R(n, B) is seen to be positive during the periods under consideration (about 10.00 and after 11.00), which is characteristic for magnetosonic waves and not for mirror waves. At the same time, judging by the very low values of A at that time, the rate of the plasma isotropization is sufficiently high at that period, which suggests the magnetosonic waves to be also rather effective in proton scattering. 
SMP
[44] A quite other situation takes place at 10.3 -10.8 UT when, as we have seen above, the observed values of A exceed the values of the theoretical thresholds of the plasma anisotropy instabilities. As is seen in the figure, the coefficient of correlation between n and B oscillations becomes negative (though rather low) at that time, which agrees with the supposition on the mirror waves to predominate there. However, the value of R(n, T ? ) is negative at that time, which raises some doubts on the validity of that interpretation.
[45] It seems to be important that the appearance of the mirror-wave-like disturbances at 10.3-10.8 UT is associated with the A-value exceeding the theoretical threshold of the anisotropy instability only, while the empirical values of cm2 are essentially higher than the observed values of A at that time . This allows one to suppose that the real threshold of the mirror-wave instability is given, at least during this crossing, by the theoretical value of cm1, and not by the empirical ''threshold'' cm2, which corresponds rather to the anisotropy value A determined by the balance of processes driving the instability and of those reducing it. Of course, this value is higher than the threshold value of A.
[46] Profiles of the C-index and of t across the magnetosheath are presented in Figure 12 . These data show that the analyzed crossing is greatly unstable, and only three relatively short periods: 9.1-9.3 UT; 10.6-10.7 UT, and 10.9-11.05 UT, may be used for estimating the value of t: t 1 = 5.5 s, t 2 = 6.0 s, and t 3 = 2.5 s. Among these periods, only the second one is predominated by the mirror waves, and this will be taken into account in the following analysis.
[47] In the paper by Denton et al. [1995] there is presented one more crossing: 24 October 24, 1984. However, as is emphasized by the authors, the plasma flow during this crossing is greatly irregular, so that any significant results hardly may be obtained from the analysis of that crossing. Because of that, we shall not consider that crossing for our analysis.
Discussion and Conclusions
[48] We have considered three magnetosheath crossings which are characterized by essentially different values of magnetic field and plasma parameters (B, n, T, V ) and by different levels of disturbance. Of course, the number of analyzed crossings is insufficient to obtain any statistically significant results; still, some conclusions may be made.
[49] First of all, we consider to what degree the excess of the observed temperature anisotropy over the threshold of the mirror-wave instability (and over which one, the theoretical or the experimental) determines the existence of mirror waves in the magnetosheath. And for this purpose, the crossings discussed above seem to be greatly suitable. Indeed, during the crossing on 17 November 1985 the observed values of A are greater than or equal to the values of both the theoretical and empirical thresholds of the mirror-wave instability all over the magnetosheath ( Figure  2) . Correspondingly, one may expect the existence of mirror waves within the entire magnetosheath. And indeed, the correlation coefficient between n and B values is negative and rather high [R(n, B) = À0.6 -(À0.9)] all over the magnetosheath. However, these data do not allow us to infer which of these two thresholds determines the mirror wave development.
[50] During the crossing on 9 October 1984 (Figure 6 ), the observed values of A are larger than cm1 and at the same time less than cm2 within the inner region of the magnetosheath (at 12.7-14.0 UT), and A is less than cm1 within the external part of the sheath (at 12.1 -12.6 UT). And correspondingly, R(n, B) is negative (which is peculiar for mirror waves) at 12.6 -14.2 UT, and small or positive at 11.7-12.8 UT (Figure 7) . [51] This suggests that the mirror waves are observed during the first interval under consideration, and they are not seen during the second interval. And, finally, during the crossing on 12 September 1984 the observed values of A (Figure 10 ) are lower than cm2 over the entire magnetosheath; at the same time, they are equal or higher than cm1 at 9.0-9.8 UT and at 10.25 -10.9 UT, and, correspondingly, the values of R(n,B) are negative at 8.7-9.8 UT and at 10.3 -10.9 UT. At 9.8-10.3 UT and at 10.9-11.5 UT the observed values of A are lower than the theoretical values of the threshold of the mirror-wave instability, and at 9.8-10.3 UT and after 10.9 UT the values of R(n, B) are positive, which suggests the absence of mirror waves during those time intervals.
[52] Thus, the investigation of the variations of A, in common with cm1, cm2 and R(n,B) allows us to conclude that it is the theoretical value of the threshold of the mirror wave instability (cm1) that determines the appearance and SMP disappearance of mirror waves in the magnetosheath. Correspondingly, the empirical threshold cm2, in fact, is not a threshold of the instability, and represents only a level of the temperature anisotropy determined by the balance of terms in equation (9) responsible for the growth and decay of the temperature anisotropy.
[53] However, even in the case when the mirror waves are predominant, the wave structure of the plasma turbulence may be inhomogeneous. This may be illustrated by the crossing on 17 December 1985. As is known, mirror waves are characterized by the negative correlation between the plasma density and magnetic field intensity, and by the positive correlation between the plasma density and perpendicular plasma pressure [Hill et al., 1995] . As is seen in Figure 3 , the value of R(n, T ? ) really is positive at 12.3-13.0 UT. This convincingly confirms the mirror-wave character of the wave turbulence during that period. However, at 11.5 -12.3 UT, R(n, T ? ) < 0. This allows us to suppose that the mirror waves observed at that period are overlapped by waves of some other type. And this supposition is confirmed by significantly different values of the rate of the proton pitch angle diffusion: t = 4 s at 11.7-11.8 UT, and t = 15-20 s at 12.0 -12.3 UT. Unfortunately, during the next two crossings data on the proton temper- ature are rather doubtful, and they were not used in the analysis of the wave structure in the magnetosheath.
[54] Especially interesting is the plasma wave turbulence which takes place at the periods of relatively low temperature anisotropy (A < cm1). During the analyzed crossings, such periods are observed three times: at 12.2 -12.7 UT on 9 October 09, 1984; and at 9.7-10.3 UT and 10.9-11.5 UT on 12 September 1984. In spite of that the value of A is lower than cm1 at these periods, the intensity of the magnetic field and plasma density oscillations is relatively high at that time. Because of the low value of A, these oscillations cannot be associated with the mirror-wave instability. And though the mechanism of generation of those waves is not clear, the turbulence of this type has to be taken into account in the calculation of the rate of the proton pitch angle diffusion.
[55] A special question concerns the form of the diffusion term (equation (6)) in equation (8). As was discussed in the introduction, the bounded anisotropy model by Denton et al. [1994 Denton et al. [ , 1995 supposes (T ? /T k ) b to equal one of the thresholds of the ion cyclotron instability, and n = 1 when the observed value of A is greater than (T ? /T k ) b , and n = 0 otherwise. In our model equation (9), (T ? /T k ) b = 1, and n (or t) always differs from both zero and infinity.
[56] An advantage of the bounded anisotropy model by Denton et al. [1995] is that it allows one to calculate variations of T ? , T k , and, hence, of A across the magnetosheath. In this connection it would be interesting to see whether the model with the pitch angle diffusion term with a finite value of t also may explain the observed variations of A.
[57] Results of the numerical integration of equation (9) for relatively quiet periods of all the three crossings under consideration are presented in Figure 13 . In these calculations, we used the smoothed profiles (see above) of B, n, and v. The values of t were taken from Figures 4, 8 and 12 as: t = 20 s at 12.5-12.3 UT and t = 10 s at 12.3 -12.6 UT on 17.11.1985; t = 10 s at 12.95 -13.9 UT on 09.10.1984, and t = 6 s at 10.4-10.9 UT on 12.09.1984.
[58] Comparison of calculated profiles of A with observed ones shows that the model (equation (9)) reasonably describes experimental data for relatively quiet periods of the plasma flow with t varying from 6 s to 20 s depending on the real situation.
[59] Naturally, there arises the question which parameter of the magnetosheath plasma may be responsible for that dependence. Analysis of the crossing on 17 December 1985 allowed us to suppose that the intensity of the magnetic field oscillations may be that parameter. In this connection, in Figure 14 there are given values of t in dependence on the normalized values of the magnetic field oscillations (dB/B). Constructing this figure, we have used the mean values of t and dB/B for the time intervals: 12.05 -12.12 UT; 12.18 -12.33 UT and 12.33 -12.47 UT on 17 December 1985; 13.3-13.4 UT; 13.55 -13.65 UT on 9 October 1984, and 10.6-10.7 UT on 12 September 1984. These intervals are characterized by the predominant mirror waves providing uniformity of data. The amount of data is drastically small; nevertheless, an obvious tendency for t to decrease with the dB/B increase is clearly seen. This, of course, gives reason to put another question: what determines the intensity of mirror waves in the magnetosheath? However, this question may be answered only using the non-linear theory of plasma waves.
[60] The data presented in Figure 14 allow us to make one more conclusion. Namely, the obvious, and rather strong dependence of the characteristic time of proton temperature isotropization t on the intensity of the mirror-wave turbulence suggests the latter to essentially contribute to proton pitch angle scattering. Figure 14 . Characteristic time of the proton temperature isotropization in dependence on the normalized value of the magnetic field standard deviation.
